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Introduction
Of the estimated 36.7 million people living with human immunodeficiency virus (HIV), about 20.9 million were on antiretroviral therapy (ART) by the middle of 2017 [1]. Nigeria's HIV epidemic is the second largest globally, while its new HIV infection rate is among the highest in Africa's sub-Saharan region [2] . By 2016, about 3.2 million people were living with HIV in Nigeria with the highest prevalence in the southern states of the country [2] . It is estimated that only 31% of the adults and 21% of the children living with HIV are on ART [2] .
In recognition that the nation was one of the hardest hit countries both globally and in the African region, the Nigerian government implemented one of the region's largest ART programs and subsequently received support from the United States President's Emergency Plan for AIDS Relief (PEPFAR) and the Global Fund, leading to free, HIV care services, laboratory investigations, and ART drugs [3, 4] . There are now about 200 facilities providing comprehensive ART services across the nation [5] .
With the growth of HIV programs, there is an increased focus on measures to sustain longterm ART benefits and reduce new HIV infection rates [5] . Sustained retention of patients in ART programs is essential for combating the HIV epidemic and for the success of the programs [6, 7] . However, the retention in care among patients enrolled in ART programs in subSaharan Africa is generally poor, about 60% by the end of the second year, as noted by Rosen et al in their systematic review [7] . Various outcomes have been described for patients who were classified as lost to follow-up (LTFU) from ART programs: death, withdrawal from care, or transfer to other facilities [7] [8] [9] . Patient tracing has helped to further characterize the true status of patients classified as LTFU [9] , sometimes with the positive effect of reengagement in care [10] . Although patient tracing has been explored widely in Africa [9] , few studies in Nigeria have been documented despite the heavy burden of HIV in the country and the well-documented high rates of LTFU [3, [11] [12] [13] . Questions still remain concerning the magnitude of LTFU in HIV programs and the contributory factors in the densely populated and industrialized region of southwest Nigeria.
In the AIDS Prevention Initiative in Nigeria (APIN), Public Health Initiatives (PHI) and PEPFAR HIV program at the Lagos University Teaching Hospital (LUTH), over 15,000 patients have been enrolled into care since October 2004. Of these, only 8,000 patients remain actively in care. In this study, we used routine clinic data to describe LTFU and identify patients at high-risk. To better characterize reasons for LTFU in the LUTH patient setting, we investigated a sample of HIV-infected patients that were lost to follow-up from the program and determined their current status.
Methods

Study site, design and population
The study was carried out in Lagos, southwest Nigeria, between January and November 2017. We conducted a cross-sectional study on patients that had been identified as LTFU using electronic medical record data from the HIV treatment program at LUTH.
This program was officially established with the help of a Harvard-PEPFAR grant (U51HA025522) in October 2004. Patients are enrolled into care following confirmation of HIV infection. The total enrollment into HIV care services at LUTH has grown from 759 patients in 2004 to over 20,000 patients as at the end of December 2018. The clinic has a dedicated laboratory that offers viral load and CD4+ cell count (for free) as well as hematology and chemistry assays (at a cost to patients) that are done at baseline and every 6 months thereafter. The majority of patients receive their HIV prescriptions monthly, while those with stable undetectable viral loads are switched to receiving 3 month prescriptions. Prior to 2016, when the test and treat strategy commenced [14] , patients not yet on ART were seen in the clinic every 6 months.
The study population was laboratory-confirmed HIV-infected adult patients who enrolled into care between January 1, 2010 and December 31, 2014 and were LTFU from the clinic. The inclusion criterion for tracing was complete locator information (11-digit phone number) in the electronic medical records system [15] . Patients who were known to have died or known to have been transferred out while still in active care were excluded from the study. During the tracing process, patients who had moved out of state were also excluded from the study due to logistical reasons.
Definition of variables
We defined LTFU as patients who were lost to care that did not receive any clinical, laboratory or pharmacy services for at least 6 months and did not later return to the clinic by December 31, 2016. Our consideration for this definition was to minimize the false-positive rate (i.e., the proportion of individuals who were considered LTFU who later returned to care) [16] . Retention in care was defined as receiving continued HIV care at any HIV clinic while disengagement from care was defined as not receiving continued HIV care services at an HIV clinic [6] .
Data collection
Three research assistants with postgraduate public health degrees were recruited and trained on the study implementation. As a training and tool refinement opportunity, we conducted a pilot study on a cohort of 25 patients that were LTFU after which we refined the tracing process and the data collection tool; data from the pilot study cohort are not included in this evaluation. Eligible LTFU patients were first contacted by phone to explain the study and arrange appointments for face-to-face interviews. Tracing was deemed successful if the patient could be reached by phone or if an informant familiar with patient could be reached to confirm if the patient was alive or dead. At least three phone call attempts were made on different days and at different times of the day without success before tracing was considered unsuccessful.
Patient tracing and data collection was conducted between June and November 2017. Following collection of written informed consent, research assistants used a structured questionnaire [17] [18] [19] (questionnaire in S1 Appendix) in face-to-face interviews to collect information on: socio-demographic characteristics (age, sex, marital status, religion, ethnicity, education and occupation); reasons for discontinuation of care; and, use of antiretroviral medication, including if they were placed on ART at the clinic, if they were still on ART, source of medication, reasons for non-use of ART and adherence to ART. Patients were also asked about registration for care at another clinic and their willingness to return to care in LUTH.
The reasons for discontinuation in care were divided into 5 main categories: access to care; clinic quality; work and family; medical; and alternative treatment and advice [16] . In addition, patients ranked their top 3 reasons for discontinuation.
Data analysis
Data were analyzed using Stata version 15.1 (StataCorp, USA). Continuous variables were tested for the assumption of normality. Categorical variables were presented in frequencies and percentages while non-normal continuous variables were presented as median and interquartile range (IQR). For the clinic population, Chi-square and Wilcoxon rank sum tests were used to determine differences in patient characteristics within loss to follow-up groups (LTFU vs. not LTFU, traced vs. not traced, traced and interviewed vs. traced and not interviewed). Time to LTFU was modelled using survival analysis methods. All patients that remained in care were right censored. Univariable and multivariable Cox proportional hazards (PH) regressions were conducted to examine associations between baseline patient characteristics and LTFU. Backward elimination was used to derive a parsimonious model. However, some variables such as age and enrollment year were chosen a priori. Adjusted and unadjusted hazard ratios (HRs) and 95% confidence intervals (CIs) were computed for each predictor variable. Schoenfeld's global test of residuals was used to assess for violation of the PH assumption; variables that violated the PH assumption were excluded from the final model.
For the LTFU patients that were successfully traced and interviewed, we used Chi-square and Wilcoxon rank sum tests to evaluate bivariate associations between independent variables (socio-demographic characteristics, months in care prior to LTFU and ART initiation in LUTH) and dependent variables (disengagement from care and willingness to re-engage in the LUTH ART program). Univariable and multivariable binary logistic regression were conducted to examine associations between respondents' characteristics and disengagement from care and willingness to re-engage in the ART program from which they were LTFU. All independent variables in bivariate analyses were considered for inclusion in the logistic regression analyses irrespective of statistical significance. We used the Box-Tidwell test to test the assumption of linearity between continuous predictor variables (age and months in care prior to LTFU) and the dependent variables, which generated power transformed predictor variables that were included in the logistic regression model. Crude and adjusted odds ratios (OR) and 95% CI were computed for each predictor variable. The HosmerLemeshow's goodness of fit test was performed. Two-tailed test of hypothesis was assumed. Level of significance was set at 0.05.
Ethics
The study protocol was approved by the Health Research Ethics Committee (HREC) of the College of Medicine of the University of Lagos (CM/HREC/03/16/006) and the Harvard T. H. Chan School of Public Health Institutional Review Board. This study only included patients that provided voluntary consent for use of their clinic data for future research purposes. Written informed consent was collected from traced patients prior to interviews and those that indicated willingness to return to LUTH were linked back to care.
Results
Outcome of tracing
A total of 6,108 patients enrolled into the program between 2010 and 2014, out of which 3,397 (56%) were LTFU. Tracing was attempted among 1,803 patients who had enough information for tracing and, of those, 425 (24%) were successfully traced. Two hundred and sixty-eight of the successfully traced patients consented to interviews. In total, 172 (64%) of the traced and interviewed patients reported being disengaged from HIV care while the remaining 96 (36%) reported having transferred to another treatment site to receive HIV care services (Fig 1) . In this larger patient cohort overall, lower proportions of patients LTFU were female, married, had tertiary-level education; a higher proportion were in WHO stage 4 of disease and they had lower median CD4+ cell count and higher median viral load compared to patients that were not LTFU.
Among the cohort of LTFU patients, higher proportions of patients that were successfully traced were married, had tertiary education, were in WHO stage 1 and had higher median CD4+ cell count than those that could not be traced. The patients that were successfully traced and interviewed were slightly younger, had higher proportions of patients in WHO stage 1 and had higher median CD4+ cell count and lower median viral load compared to those that were not interviewed. 
Predictors of LTFU
Characteristics of interviewed cohort
Of the 268 traced and interviewed patients, 201 (75%) had initiated ART prior to discontinuation at LUTH and the remaining 67 (25%) had only been enrolled in HIV care services. Amongst the 201 patients that had previously initiated ART, 119 (44%) were still on ARV and reported sourcing ARVs from other clinics (77%) and friends (12%). Of the 119 that were still taking ART, 91 (77%) reported still being engaged in HIV care services at another clinic and 28 (23%) reported being disengaged from care. Of these 119 patients, 19 (16%) reported gaps in their treatment. The majority (92%) of the respondents that were still on ARVs had a 100% adherence over the prior 7 days and 66% said they never skip taking their ARVs (Table 3) . 
Reasons for discontinuation in interviewed cohort
Of the 268 patients interviewed, the primary reported reason for discontinuation from LUTH was long distance to clinic (56%). In total, the most common reasons per category were: long distance to clinic (access to care, 88%), staff was not nice (clinic quality, 10%), busy at work (work and family, 3%), feeling healthy (medical, 14%) and not being permitted by religion or faith (alternate treatment and advice, 6%) [ Table 4 ].
Reasons for stopping ART in interviewed cohort
Of the 82 patients that reported having stopped taking ART, the most common reasons given for stopping were long distance to clinic (32%), feeling healthy (30%), having finished ARVs without restocking (23%), not being permitted by faith/religion (16%), high transportation cost to clinic (15%) and not wanting to take ARVs for life (13%). Of the 19 patients that reported gaps in their treatment, the most common reasons given were long distance to clinic (47%), finishing ARVs without restocking (37%), high transportation cost to clinic (32%) and work responsibilities (26%) [ Table 5 ].
Predictors of disengagement and re-engagement with care
Among the interviewed patients, bivariate analyses comparing characteristics of patients disengaged from HIV care to those still retained in HIV care outside LUTH revealed that significantly higher proportions of patients still not receiving care following LTFU from LUTH were male (73%, p = 0.020) and had not started ART in LUTH (85%, p<0.001). Additionally, a significantly higher proportions of patients that; are male (73%, p = 0.001), had not started ART in LUTH (79%, p<0.001), and had stayed longer duration in care before LTFU (82%, p = 0.017), were willing to re-engage in the LUTH antiretroviral program (Table A in S2  Appendix) . In multivariate analyses, the predictor of disengagement from care was not having started ART. The predictors of willingness to re-engage in care at LUTH were not having started ART, male sex and longer duration in HIV care prior to LTFU (Table 6 ).
In subsequent follow-up, 95 of the 268 patients interviewed returned to LUTH for care services.
Discussion
In this study conducted at a high-volume HIV clinic in southern Nigeria, we found a high proportion of LTFU. Of the patients that were traced and interviewed, majority were truly disengaged from care and not receiving ART from any source. We discovered that the most common reason for discontinuation from HIV care from the large clinic, stopping ART, or having treatment gaps (for those still on ART) was long distance to the clinic.
The LTFU rate found in this evaluation was consistent with that reported in other studies of LTFU for patients receiving HIV care services in sub-Saharan Africa (2.6-57.4%) [20] . Our rate was similar to that reported from programs in north central Nigeria with rates of 56.4% and 58% in hub and spoke sites respectively [13] , but higher than a study from the southeast with rates of 32.8% and 11% in public and private programs, respectively [3] . A possible explanation for the regional differences is that the private southeastern program takes efforts to trace lost patients [3] , along with the increased mobility of people in metropolitan areas of the southwest region [21] . Our value was higher than the LTFU rate of 28% from an earlier study involving part of this patient cohort, as that earlier study focused only on patients on ART [12] . Being unmarried was a predictor of being LTFU in our study, similar to findings from other studies [12, 22] , implying that having a committed spousal support system could be a motivation for patients to overcome existing barriers to continuing care.
The rate of true disengagement from care and ART among interviewed patients in this study was higher than in similar studies in sub-Saharan Africa [6, 8, 17, 19] . This is particularly worrisome as patients not receiving care are at risk of progressive disease and death when they do not have access to life-saving medication and continual care, possibly evidenced by the outcome of death among 16% of the traced patients in our study; a rate of mortality lower than pooled estimates of 39% in sub-Saharan Africa [23] . In addition, those that were previously on ART are at an increased risk of developing and transmitting drug resistant strains of HIV [3] .
Similar to other studies, we found patients in our study cohort reported that long distance to clinic was a major reason for discontinuation of HIV care and stopping ART [19, 24] . Prior studies have shown that patients are more likely to remain in HIV care when ART services are decentralized to centers closer to patients' homes [25] [26] [27] . The cohort evaluated in this study originally enrolled at LUTH when ART services were not decentralized. Several patients also reported having discontinued care and stopping ART because they were feeling healthy. This could occur among patients when they increase in weight, have high CD4+ cell count or Status of HIV-infected patients lost to follow up undetectable viral load [28, 29] ; the dangers of discontinuing ART even when feeling healthy should be stressed during health education sessions. An encouraging finding for the LUTH clinic was that only few of the interviewed patients discontinued care secondary to clinic quality such as poor clinic environment and lack of privacy. This is interesting because the clinic environment was compromised by a fire incident in 2012 without being adequately rehabilitated [30] and may be due to the subjective sense of connection patients have to each other, the clinic's site, providers and processes [31] .
Similar to other studies, we found that patients that were not yet on ART were more likely than those on ART to be disengaged from care [32] . Our finding underscores the importance of the test and treat strategy to aid retention in care, which was adopted in Nigeria in 2016 [14] . Further research could examine any difference in LTFU and disengagement rates in the current test and treat strategy era as well as the re-engagement to care kinetics within the ART program.
Most of the patients interviewed were willing to return to the LUTH clinic and 95 of them were linked back to care. This positive attitude despite identified barriers to continued care is encouraging and could potentially translate to high re-engagement in care once barriers are addressed. It is not immediately clear why female patients were less willing to return to care Status of HIV-infected patients lost to follow up and this would require exploratory research. Those patients with long duration in HIV care prior to LTFU might be challenged by long duration of physical symptoms, psychosocial distress, co-morbidities, social stigma, treatment fatigue, as well as the adverse effects that may be associated with ART [33] [34] [35] , which could result in their unwillingness to return to care. Some limitations must be considered in our study. First, our findings cannot be generalized to all the LTFU patients within the cohort because a significant number of them could not be traced as a result of missing and inaccurate locator information in the secondary data or as a result of having moved out of state resulting in a potential bias. A salient recommendation would be updating and verification of patient information at each follow-up visit. Our results thus pertain to only those patients that were traced and interviewed as they differed in some regard to those that were not interviewed. Secondly, our definition of retention in care subsequent to LTFU from LUTH was based on self-report of attendance in other facilities other than LUTH. This may be considered simplistic as it does not account for frequency or regularity of visits or use of ART [36] .
In conclusion, retention in HIV care is a major challenge in HIV/AIDS management programs in sub-Saharan Africa. There might be site-based variability in reasons for discontinuation and outcomes of patients LTFU and our understanding of these in the Nigerian setting is limited. Our study fills in this gap in knowledge by describing the status as well as willingness to re-engage in care of patients fitting the criteria of LTFU from one the largest ART programs in the country. It is crucial that ART programs incorporate LTFU tracing routinely into their care [9,10,37] and further research should explore innovative ways of re-engaging patients back into care in our setting. In addition to early tracing, well-organized community support initiatives are also effective strategies [38] [39] [40] . In settings where services have been decentralized, the flexibility in the system should be properly communicated to patients so they understand their options for receiving treatment and care. Health information systems should also be strengthened and patient information linked across the antiretroviral programs (including the decentralized sites) in the nation in order to enhance the documentation of transfers and to further facilitate continuity in care. The findings of our study have implications for the strengthening of healthcare systems to address the needs of a large population of HIV-infected patients. 
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